Emerging data from various countries most affected by coronavirus disease 2019 (COVID-19) reveal that hypertension is strongly associated with poor clinical outcomes.

Guan et al. reported data from 1099 patients with confirmed COVID-19, of which the single highest risk factor of infection was hypertension reported in 15% of patients. Among patients who developed severe disease (173 patients), the most common co-morbidity was hypertension (23.7%), and 35.8% of the patients requiring intensive care unit (ICU) admission or mechanical ventilation or who died also had hypertension.^[@bibr1-1470320320927851]^ Zhang et al. studied 140 patients with COVID-19 and found 30% of all patients and 37.9% of those with severe disease had hypertension.^[@bibr2-1470320320927851]^ Hypertension was reported in 23.7--30% of patients who were admitted with the infection and who were linked to more severe infection. Data from Italy looking at patients admitted to the ICU showed 49% (509/1043) had hypertension. These retrospective studies have limitations, given the rapidity of the data collection in the current climate. Italian data were obtained from an ad hoc questionnaire, and China's data were taken from electronic medical records. Therefore, the timing of hypertension diagnosis, antihypertensive medication usage, adherence and control of hypertension are unknown, which increases the heterogeneity of the patient population. A meta-analysis pooling six studies with 1527 patients showed that hypertension was present in 17.1% of patients with the infection and that patients with severe symptoms had a twofold likelihood of being hypertensive compared to non-severe/non-ICU patients. In this study, the incidence of acute cardiac injury was 13-fold higher in ICU/severe patients.^[@bibr3-1470320320927851]^

The reason for this apparent association remains unclear. Several explanations have been offered, including pre-existing hypertensive cardiac end-organ damage, interactions between COVID-19 and commonly used antihypertensive medications and simply due to the high prevalence of hypertension in older individuals.

Why would hypertension be a risk factor? {#section1-1470320320927851}
========================================

COVID-19 seems to follow a pattern seen with influenza and previous severe acute respiratory syndrome coronavirus (SARS-CoV) outbreaks: that the severity and mortality of the infection is higher in the elderly age group. As hypertension is strongly age related, the data could simply be confounded by age. However, an alternative explanation is end-organ damage in hypertensive patients. Hypertension results in a number of pathophysiological changes in the cardiovascular system such as left ventricular hypertrophy and fibrosis. This may make the hypertensive heart particularly susceptible to SARS-CoV-2.

The American College of Cardiology (ACC) produced a clinical bulletin on 6 March 2020 highlighting some of the acute cardiac complications of COVID-19, including acute-onset heart failure, myocardial infarction, myocarditis and cardiac arrest from anecdotal and published data. Wang et al. retrospectively reviewed 138 hospitalised patients with COVID-19, and showed 16.7% of patients developed dysrhythmia and 7.2% experienced acute cardiac injury, defined as serum levels of cardiac biomarkers (e.g. troponin I) above the 99th percentile upper reference limit or new changes on echocardiogram or electrocardiograph.^[@bibr4-1470320320927851]^ Ruan et al. noted similar findings in 150 patients from Wuhan, China, and noted 7% of the 68 deaths occurred due to myocardial damage, with a further 33% dying from both myocardial and respiratory failure. They concluded that COVID-19 could cause fulminant myocarditis.^[@bibr5-1470320320927851]^ This is supported by Huang et al.'s review of 41 patients with COVID-19, of whom 12% had acute cardiac injury with substantially increased hypersensitive troponin I.^[@bibr6-1470320320927851]^ Further data from Zhou et al. indicated that those who did not survive had significantly raised troponin I and lactate dehydrogenase through their clinical course compared to survivors.^[@bibr7-1470320320927851]^ A recent review of 187 patients in Wuhan showed that those with underlying cardiovascular disease and a raised troponin were at a higher risk of death than those with raised troponin and no underlying cardiovascular disease. Additionally, those patients with pre-existing cardiovascular disease were more at risk of developing a raised troponin, suggesting a causal link between underlying cardiovascular conditions (e.g. hypertension) and COVID-19 outcomes.^[@bibr8-1470320320927851]^

COVID-19 and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker controversy {#section2-1470320320927851}
=============================================================================================

The controversy regarding continuing or discontinuing angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs) in COVID-19 patients arose after it became apparent that SARS-CoV uses angiotensin-converting enzyme 2 (ACE2) to gain entry in host cells.

Receptor-binding domains on the spike protein (S) on the virus facilitate cellular entry. S1 of S protein attaches to target cells. This requires priming by cellular protease which cleaves at S1/S2 and the S2 subunit. SARS-CoV engages ACE2 as the entry receptor and employs cellular transmembrane protease serine 2 for priming, as shown in [Figure 1](#fig1-1470320320927851){ref-type="fig"}.^[@bibr9-1470320320927851]^ ACE2 is a membrane-associated aminopeptidase expressed in vascular endothelia, renal and cardiovascular tissue, and epithelia of the small intestine and testes.^[@bibr10-1470320320927851]^ Efficiency of ACE2 usage was the key determinant in previous SARS infection. SARS-CoV-1 and SARS-CoV-2 share 76--82.3% total amino acid identity. The receptor-binding domains share 72% similarity. There are differences in distinct loops which are replaced in SARS-CoV-2 with flexible glycyl residues, giving it a higher affinity for ACE2 in comparison to SARS-CoV-1.^[@bibr11-1470320320927851]^ ACEi and ARB use may stimulate increased ACE2 mRNA expression. However, the mechanisms by which these medications exert transcriptional control of the ACE2 remain unclear, as gene expression does not entirely correlate with ACE2 activity, as seen in previous mice studies.^[@bibr12-1470320320927851]^ Consequently, the increased expression of ACE2 would facilitate an increased rate or susceptibility to infection with SARS-CoV-2 and further hypothesis that this may increase the risk of developing severe and fatal COVID-19. This comes also from information that undifferentiated cells expressing little ACE2 were poorly infected with coronaviruses, while well-differentiated cells expressing more ACE2 were readily infected.^[@bibr13-1470320320927851]^ On the contrary, upregulation of pulmonary renin--angiotensin--aldosterone system (RAAS), as shown in [Figure 1](#fig1-1470320320927851){ref-type="fig"}, with increased expression of angiotensin II (Ang2/AngII) is associated with morbidity. ACE and angiotensin receptor type 1 (AT1) lead to multisystem inflammation, and increased ACE and Ang 2 are poor prognostic factors for pneumonia and mortality. This has also been reported in a clinical study of COVID-19 patients, where plasma Ang2 correlated linearly with viral load and lung injury.^[@bibr14-1470320320927851]^ The ACE2 paradox arises from evidence that it not only acts as the entry receptor of SARS-CoV, but also protects the lung from injury.^[@bibr15-1470320320927851]^ Based on previous studies, excessive soluble ACE2, for example using recombinant ACE2, may bind SARS-CoV competitively, allowing preserved cellular ACE2 activity.^[@bibr16-1470320320927851],[@bibr17-1470320320927851]^

![Traditional RAAS pathway, presumed ACE2 pathway and sites of ACEi and ARB action are highlighted. The ACE2 pathway is thought to increase vasodilatory peptides (Ang 1--9, Ang 1--7) and decrease downstream effects of RAAS activation. ACEi might upregulate ACE2 expression. The effect of ARB use is probably slightly different from ACEi, as angiotensin II and ACE levels remain unaffected. Viral entry is thought to be via ACE2 receptor in the presence of transmembrane serine protease.\
RAAS: renin--angiotensin--aldosterone system; ACE: angiotensin-converting enzyme; AT1: angiotensin receptor type 1; AT2: angiotensin receptor type 2; ARB: angiotensin receptor blocker; ang: angiotensin; S: spike protein; Mas receptor: Mitochondrial assembly receptor.](10.1177_1470320320927851-fig1){#fig1-1470320320927851}

The peptides cleaved by ACE2 reduce inflammation and have been suggested as a potential new therapy for inflammatory lung diseases, cancer, diabetes and hypertension. In preclinical studies, ARBs attenuate lipopolysaccharide-induced lung injury, and ACE2 knockout mice are predisposed to lung injury, acute respiratory distress syndrome (ARDS) and lung fibrosis in the long term. Exhaustion of ACE2 leads to reduced angiotensin (1--7) formation, which is a vasodilator, and is also associated with progression of ARDS.^[@bibr18-1470320320927851],[@bibr19-1470320320927851]^ As such, ARBs were proposed as treatment strategies for 2002 SARS.

Ramchand et al. studied ACE2 levels in patients with coronary heart disease and did not find any correlation between RAAS blockers or age and plasma ACE2 levels. They found that AT1R and ACE2 physically interact to form complexes on the cell membrane, and Ang2 administration decreases this interaction and induces ubiquitination and ACE2 internalisation and lysosomal degradation.^[@bibr20-1470320320927851]^ Theoretically, increased expression of ACE2 may help counteract the deleterious effects of Ang2, which would provide another mechanism by which RAAS inhibition may be beneficial. However, it is currently unknown if prevention of ACE2 internalisation could lead to clinical benefit in, SARS or COVID-19. In summary, these present opposing hypotheses, as summarised in [Figure 2](#fig2-1470320320927851){ref-type="fig"}. This is made even more complex by the unknown correlation between plasma/soluble ACE2 and expression at the tissue level in individual organs. Genetic ACE2 deficiency is associated with enhanced atherogenesis in animal studies.^[@bibr21-1470320320927851]^ Studies and subsequent meta-analysis have shown that ACE insertion/deletion polymorphisms increase the risk of ARDS and of mortality in patients with ARDS. They also highlight this polymorphism as being significant in Asian patients, as reported in studies in ICUs.^[@bibr22-1470320320927851][@bibr23-1470320320927851][@bibr24-1470320320927851]--[@bibr25-1470320320927851]^ The relationship between ACE genetic polymorphisms and ACE2 genetic polymorphisms remains unclear.

![Summary of the hypothesized unknown effects of ACEi/ARB use in patients affected by coronavirus disease 2019.\
Ang II: angiotensin II.](10.1177_1470320320927851-fig2){#fig2-1470320320927851}

There are very many questions that need to be answered urgently before these laboratory observations can be translated to the clinic, especially as the face of COVID-19 is a constantly changing one. In a small retrospective study of patients hospitalised in China (*n*=51), Meng et al. reported that ACEi/ARB use in patients with hypertension and COVID-19 (*n*=17) had better clinical outcomes and lower peak viral load in comparison to patients with hypertension not on ACEi/ARB (*n*=25). They report that ACEi/ARB therapy is associated with higher CD8 and CD3 T-cell counts and hence avoids peripheral T-cell depletion, which may play a role.^[@bibr26-1470320320927851]^ More recently, a preprint version of a report on a cohort study conducted in London was made available on the medRixv website. The study tested the hypothesis of an increased risk of severe illness in COVID-19 with hypertension with ACEi use (on ACEi *n*=37; not on ACEi *n*=168) in admitted patients. Severe illness was defined as an increased rate of critical unit use for organ support or death within seven days of admission. Similar to the study done in China, they report that the rate of severe illness was lower in patients prescribed ACEi.^[@bibr27-1470320320927851]^ Both of the above studies are relatively small, albeit with encouraging results. Further larger multi-centre, double-blind, placebo-controlled randomised controlled trials of ACEi/ARB in patients with COVID-19 may provide additional insight. As of 14 April 2020, a search on losartan and COVID-19 reveals seven registered studies on ClinicalTrials.Gov.^[@bibr28-1470320320927851]^ Further focussed research is needed to explore the underlying mechanisms better, including the relationship between pulmonary ACE2 and circulating ACE2 and the relationship between COVID-19 spike protein and circulating or pulmonary ACE2.

Management of hypertension during COVID-19 {#section3-1470320320927851}
==========================================

As the interaction of ACEi and ARBs with COVID-19 is unclear, we would recommend a pragmatic approach to hypertension management in the coming months. For newly diagnosed hypertensive patients, we would suggest initiation of calcium channel blockers as first-line therapy in all new patients, irrespective of ethnicity or age. The initiation of ACEi or ARBS requires repeat blood tests to ensure renal function and potassium levels remain stable. As COVID-19 will cause pressure on both primary and secondary care systems, this could cause difficulties in attaining blood tests and the follow-up of results. Once health-care systems have less demand towards the end of the year, consideration of switching to an appropriate ACEi or ARB could be considered, given long-term outcome data. If patients are already on ACEi or ARB therapy, there are currently insufficient data to suggest cessation of this. This view is supported by the European Medicines Agency, the Medicines and Healthcare products Regulatory Agency (MHRA), the European Society of Cardiology (ESC) and the ACC. However, we should remind patients of 'sick-day rules', and if they are unable to drink sufficiently and have diarrhoea or vomiting or a persistently low blood pressure, then their ACEi or ARBs medications should be stopped whilst they recover to reduce the risk of acute kidney injury.

To reduce the number of patients attending primary or secondary care services, we would encourage all hypertensive patients to procure upper-arm home blood pressure monitors (BIHS recommended) and to encourage self-monitoring. This would allow for titration of medication through telemedicine clinics^[@bibr29-1470320320927851]^ and would encourage patient-initiated review when required rather than a timed review. We should advise patients to ensure that they have at least two weeks of antihypertensive medications, as there may be delays in procuring repeat prescriptions. We should be open with patients and inform them that we do not fully understand the relationship between COVID-19 and hypertension, but that they should remain up-to-date with the government recommendations regarding hand washing, social distancing and appropriate isolation.
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